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m Synthesis of novel N6-cyclosubsututed lsoguanosmes and related C-2 functionahxed compounds 
uhhxmg methodologies with key thermal radical and photochemical steps developed in our laboratory is 
described. Data on the affiihes of these new compounds for the adenosine A, and A, receptors clearly show 
that a number of N%yclosubstituted isoguanosmes show excellent A, agonist activity with the best activity and 
selecttv~ty being assocrated with five-membered nng mono- or bicychc systems at the l@-position 
Interestingly, 2-mdo-N6cyclopentyladenosme also shows excellent A, receptor bmding and Aa/A1 selectivny. 

In 1929. Dnuy and Scent-Gyorgyl &scovered that the natural nbonucleosrde. adenosine, exhrhted profound 

cauhovascular effects.’ The biochenucal basis for the physiological effects of adcnosme has been the subJect of 

2 numerous investigations smce that hme. These studies have revealed that punncrgtc receptors termed P, 

(sensitive to adenosine) and P2 (sensitive to ATP) are apparently mvolveds Further studies of the effect of 

adenosme and ns metabohcally stable analogs on cychc AMP formation led to the rdenuficahon of two 

rhfferent extracellular subtypes of the P, receptor referred to as A, and 443 which are apparently found in a wade 

vanety of cells m the human system The A, receptor is associated vvlth a decrease in adenylate cyclase acuvity 

and the A, receptor with an mcreasc m adenylate cyclase achvvlty There 1s apparently a thud subtype of the P, 

receptor which IS unracellularly located on the catalytic subunit of adenylate cyclase.’ 

The cardiovascular system has contmued to be a mam area of mtcrest with regards to possible therapeunc 

applications of adenosme and its analogs Adenosme itself IS not especially useful as a blood pressure reducing 

agent due to us fast uptake mto cells and its raptd metabolic macuvauon in the bloodstream 6 However, the 

natural mmor nucleoslde, isoguanosme (2-hydroxyadenosme) has been reported to have hypotenslve properttes 

greater than adenosme and to be metabolically resistant to deammauon by adenosme deanunase ‘* The central 

nervous system effects of adenosme have also received much attenbon Adenosme has been referred to as a 

neuroprotecuve compound Bram levels of adenosine massively increase following metabohc insults such as 

9 ischenua, hypoxia, hypcrcapma, hypoglycemta, and seuures. Anticonvulsant effects of adenosine am 

beheved to be mediated VIU Al-type receptors lo 
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There has been conslderable interest m developing adenosme receptor agonists that have better 

pharmacolopcal properties than adenosme both m terms of metabolic stab&y and m terms of A,. 4 receptor 

bmdmg and speclficlty Adenosme agonists with lugh selectivvlty for the A, or A, receptor are of potenhal 

interest as antrarrhythmtcs, anticonvulsants, antihypertenslves and as other therapeutic agents. Several recent 

reports of highly active and selecuve nucleoslde systems for both A, and A, receptors have focused attention on 

2- and/ or I@-mtied adenosmes “-” This paperreportson the synthesis and A,. A, receptor bmdmg 

actwihes of novel N6-cyclosubstituted lsoguanosme analogs and related C-2 functionahzed compounds. 

Results and Discussion 

The synthetic design for the target compounds mcorporated a senes of N6-monocyclic, btcychc and mcychc 

subshtutions and a vanety of C-2 functlonahzations, both m&cations of the parent adenosme molecule to 

mcrease receptor affinity and selectwvlty through hydrophobic, H-bondmg and other m&actions In tihon, 

in some cases, 5’-modlficahon was also camed out The 19 novel compounds synthesized are shown m Table 1 

N6-Substituted adenosme analogues (compounds 1 and 2) were prepared by treatment of 6-chloropurme 

nbonucleoslde with the appropnate amme in the presence of methylamme m refluxmg chloroform or 

chloroform/ ethanol Syntheses of compounds mcorporatmg a 2-mdo modification along with an N6- 

cyclosubstltubon (3-8), a 2-1odo mtificauon along with an N6-cyclosubshtutlon and a 5’-chloro mo<llfcabon 

(9,10), or a 2-chloro m&fication along with the N6-cyclomod&ation (11-12) were camed out as shown in 

Scheme I A thermally-induced radical deammahon-halogenahon reachon”” was used to synthesize the key 

mtermtiates 6-chloro-2-lodo-9-(2’,3’,5’-tn-O-acetyl-~D-n~f~~osyl)punne (21) and 2,6-&chloro-9- 

(2’,3’,5’-tn-0-acetyl-P-D-nbofuranosyl)punne (23) from the 2-ammod-chloro precursor 20 The 6-chloro 

group was selectively asplaced with the appropnate amme m the presence of methylamme and subsequently 

deprotected usmg either NH,/ C,H,OH or NaOCHJ CH,OH to provide the target molecules 3-8 or 11-12 It 

should be menhoned that the halogen at the 2-position has been found to be quite resistant to displacement 

under the reachon condlhons used The 5’-chloro m&tied compounds 9 and 10 were prepared from 

precursors 4 and 5 by forming the 2’,3’-0-lsopropyhdene denvahves, transformmg the 5’-hydroxyl group to the 

5’-chloro group using N-chlorosuccuurmde and mphenylphosphme m THF to give 26,” and then deprotectmg 

Hnth 1M HCl at 60 “C for l-2 h 

The synthetic pathway for the preparation of the N6-cyclosubshtuted-2-oxo-1,2-dlhydroadenosmes (13 - 19) 

is shown in Scheme II Compounds 13 and 19 were prepared u a thermally-mduced r&Cal deammahon- 
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1 3-noradamantyl 

2 1-pyrrolidlnyl 

3 cychxmwl 

4 cyclobuty1 

5 cyclopimtyl 

6 cyclohe%yl 

7 cycloheptyl 

8 endo-2-norbornyl 

9 cyclobutyl 

10 cyclopentyl 

11 cyclopropyl 

12 3-noradamantyl 

13 cycloprapyl 

14 cyclobutyl 

15 cyclosmntyl 

16 cyclohexyl 

17 cycloheptyl 

18 24ecahydronaphthyl 

19 endo-2-norbornyl 

Tab10 1. Stnwture8 of 24msubmtituted, 24elogeaeted. and 2-Hydrow 
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Acaok kook AC0 OAC OH OH 

ACOOAC AC0 OAC OH OH o 0 
X 

21 22 3-8 25 

9.10 26 
Scheme 1 

thloalkylation which converted the 2-ammo-6chloropurme nucleoslde 20 to the correspon&ng 2-methylduo 

compound 27.U Oxldanon of the sulfide group m 27 to the sulfone functional@ with KMnO, m HOAc16 

fac&ated subsequent selective hsplacement of the 6-chloro group from 28 ~th the appropnate amme to give 

the N6-cyclosubstltuted sulfone 29 Introdution of the lactam functionahty was achieved by Qsplacement of 

the 2methylsulfonyl group thermally vvlth benzyloxlde amon and subsequent cleavage of the benzyl group m 

30 u-g a hydrogenolyss reaction to gwe compounds 13 and 19 Compounds 14.17. and 18 were prepared 

by dlsplacmg the 6-chloro group of 27 with the appropnate amme m the presence of tnethylamme to provide 

compounds 31. The latter were deprotectui with NaOCH/ CH,OH and oxldrzed with oxone (potassium 

peroxymonosulfate)25 to yield the methylsulfonyl compounds 32 The methylsulfonyl group m 32 was then 
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Scheme II 
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&splaced ~th the benzyloxy anion to eve 30 from which 14,17 and 18 were prepared as described above 

The Zmethylsulfonyl group m 32 can be lrectly converted to the 2-0~0 functionality by heatmg 32 at 70 “C m 

1M NaOH to provide 40 % of the desired target molecules (13 - 19) along with degradation products 

The lsoguanosme agomsts 15 and 16 were prepared from the appropnate 2-mdo-N6-cyclosubsututed punne 

nbonucleoslde 22 by u&bung a photochermcally-induced dehalogenafion-thloalkylation reaction26 to form the 

2-methylho-N6-cyclosubsmuted analogues 31. Subsequent reachons to reach the target compounds 15 and 16 

were the same as those described above Intereshngly, attempts to prepare the N6-substituted-2-oxo analogues 

tidy from the 2-mdo-N6-substituted compounds 3-8 utlhzmg a photochenucally-induced hydration reacbo# 

produced only low yields of the desued product. In contrast, the same reaction with 2-lodoadenosme (1 e the 

compound w&out N6-cyclosubstmmon) gave natural lsoguanosme m 55 96 punfied yield *’ Finally, attempts 

to Qsplace the 2-1odo group from compounds 3-8 with benzyloxlde amon resulted m only low yields of the 

correspondmg 2-benzyloxy compounds Thus, the synthetic pathways utdlzmg the sulfone mtermtiates 

described above were the best approaches to the lsoguanosme compounds 

The affinities of the lsoguanosme analogues and related compounds m A,, A, receptor bmdmg are 

summarized m Table 2 Bmdmg data for adenosme, N6-cyclopentyladenosne and lsoguanosme are mcluded 

to provide a basis for comparison The data m Table 2 are relative to values obtamed m these assays for two 

commonly used standards, fl-cyclohexyladenosme for the A, receptor (6 nM) and S-N-ethylcarboxanudo- 

adenosme for the A, receptor (17 nM) It 1s clear from the data that a number of the N6-cyclosubshtuted 

lsoguanosmes show excellent A, agonist actwvlty There appears to be a trend m terms of correlation of nng 

size with receptor bmdmg for the monocyclosubstituted compounds with the highest select~lty being obtamed 

for the five- and SIX-membered nng compounds (15.16) Decreases m speclficlty occur on either side of this 

N6-nng size with greater loss m selech~ty for the seven- membered nng compound (see 14 and 17) The 

decahn system 18 (data not included m Table 2), showed poor A, agomst activity and poor A, selectlv~ty 

However, the a-norbomyl compound, 19, showed excellent A, receptor bmdmg (35 nm) and high A,/A, 

selectw~ty (2,286) Its receptor bmdmg selectivity 1s comparable to that of another one of our compounds, 2- 

mdo-N6-cyclopentyladenosme, 5 Our results suggest that there may be specdk bmdmg mvolvmg both the 

2- and 6-positions of the adenosme system mvolvmg the A, receptor Hydrophobic groups at the N6 ponhon, 

part~ularly those with five- or six-membered mono or blcychc rings,, appear to interact and be accomodated 

mto the proposed Sl, S2 and S3 subrepons2* Hnthm the A, receptor Certam electronegative groups capable of 

hydrogen bondmg at the 2-ponhon (e g Cl, I, 0) may contnbute to enhanced hndmg to the A, receptor and/ 

or a decreased affinity for the A, receptor Alternatively, the absence of large hydrophobic groups on nitrogen 
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Table 2. Affinities of the Nore Active Iaoguazmeima hnalogues and Related 

Compound8 in 4, 4 Receptor Binding Amaya 

OH OH 
Ri @w 

coMPotmDs X 

Menoeine H 

N6-c!ycloDentyl- R 

OH 12.8 37 2.9 aB 

OH 0.6 462 703'0 

adenoeine 

Isoguanosine 

1 

2 

5 

10 

12 

14 

15 

16 

17 

19 

OH 

X 

H 

I 

I 

Cl 

OR 

OR 

OR 

OR 

OR 

H 

-a 
-a 
-0 
0 

-a 
-0 

-0 
-0 

c> 
e 

OH 

OR 

OH 

OH 

Cl 

OR 

OR 

OR 

OR 

OR 

OR 

94 331 3.5 aQ 

30 8,500 283 

8 2,800 350 

20 40‘000 2,000 

180 17,000 94 

67 23,000 343 

55 

19 

40 

70 

35 

15,000 273 

7,500 395 

15,000 375 

6.000 86 

00,000 2,266 











2180 V NAIR and A J FASBENDER 

Water (100 mL) and CHCl,(lOOmL) wereaddedandmtxture wasstured at room temperature. The CHCL, 

layer was washed twtce wtth 5 % NaHCOs, once wtth brute soluuon, and dned over Na.$O,. The product was 

puntied by flash chromatography on s&a gel elutmg wrth 2 % MeOHK!HCls to provide 3Sg (75 %) of 28. 

The sulfone methyl smglet of 28 appesrs at 3.34 ppm ‘the JR shows absorbance due to the sulfone motety at 

1306 and 1130 cm“ The Nb-cyclopropyl group was mtroduced by reactmg 28 (3 lg. 6.3 mmol) wnh 

cyclopropylanune (2 2g, 38 mmol), and EtaN (1 3g, 12.7 mmol) m CHC!l@OH at room temperature for 2 h 

The solvent was evaporated and the tesldue was punfied by flash chromatography on srhca gel elutmg with 1% 

MeOH/CHCI, to provule 29 in 59 % yield ‘H-NMR (Me+dd 0 71-0.91 (m. 4H), 2 09 (s, 3H), 2.10 (s, 3H), 

2 16 (s, 3H), 3 15 (ml HI), 3.36 (s, 3H), 4 42 (m, 3H), 5 61 (m, U-J), 5 82 (m, 1H). 6.24 (d, H-J), 6 30 (m. lH), 

8 06 (s, lH), UV (EtOH) 268 nm, JR 1306.1130 cm-’ (sulfone) A soluuon of 29 (19g, 3 7 mmol) and sodmm 

benzyloxtde (0 85g, 3.7 mmol m 7 0 mL, of benzyl alcohol) m DMF (10 nL) was stured at 50 “C! for 15 h 

Ammomum chlonde (8 Og) was then added and sbmng was conhnued at room temperature for 1 h The DMF 

was evaporated off under reduced pressure and the residue was mcorporated mto a sdica plug and punfied by 

flash chromatography elutmg r~ually wrth CHCI, to remove excess benzyl alcohol, then with 4 96 

MeOH/CHCL, to elute the product, 2-benzyloxy-6-cyclopropylammo-9-(gD_nbo 30 as an otl 

m 75 % yield A soluuon of 30 (12g, 2 9 mmol) and 10 % w/C (0 4g) m EtOH (100 mL) was hydrogenated at 

44 psr of Hs for 16 h to effect hydrogenolysrs of the benzyloxy group to mtroduce the 2-0~0 funcuonahty The 

PdK! was filtered off and the solvent was evaporated under reduced pressure. The resrdue was punfied on s&a 

gel plates elutmg uutially wrth CHCI, , then 15 % MeOH/CHQ, and then crystal&d from EtOH/EtzO to 

provide 0.5% (60 %) of (13): mp 158-161 “c; ‘H-NMR (Me,SO-dd 6 0 61-O 77 (m. 4H), 2 93 (m, lH), 3 57 

(m, 2H), 3 90 (m, H-J), 4.09 (m, HI), 4 51 (m, lH), 4.80-5 53 (m, 3H), 5 65 (d, 1H). 7.67 (m, lH), 7 89 (s, H-I), 

UV @OH) 249 (& 8703). 302 nm (10,230). JR (carbonyl) 1629~~~‘. 

Anal. Calcd. for C,,H,,NsOs H,O. C, 45.75, H, 5 61. N, 20.52 Found: C. 45 92. H, 5 36. N, 20 08 

6-Cydobutylaanino-1,2-dibydro-2-uxMJ-(j3-D-ribofuranosyl)purine (14). This compound was prepared 

from 27 and crystaked from tsopropanol/EtzO (17 % overall yteld) m p 167-170 “C; ‘H-NMR (Me,SO-dd 6 

172-2.17 (m, 7H), 3 59 (m, 2H), 3 93 (m. Hi), 4.08 (N. lH), 4 48 (m, 1H). 4 74 (N, Hi). 5 08 (m, HI), 5 32 

(m, HI), 5.70 (d, H-I). 7.98 (s, HI), 8.15 (m, lH), UV (EtOH) 249 (E 9,110), 284 5 (8,260) 302 5 nm (6.890), 

JR (carbonyl) 1652 cm-’ 

Anal. Calcd for C,,H,,N,Oi C, 49 85, H, 5.68, N, 20 76. Found C, 49 22, H, 5 70, N, 20 06 

Cydoheptylamino-l,2-dihydro-2-oxo-9-(B_ne (17). Prepared from 27 in 17% 
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benzyl alcohol). The reaction was cooled to room temperature and ammomum chlonde (2.1 g) was added and 

stunng contmued for an addrttonal hour. The DMF was removed under reduced pressure (50 “C) and the 

resultmg syrup was incorporated mto a sthca plug and punfied by flash chromatography eluung mmally wuh 

CHCl, to remove excess benzyl alcohol and then wtth 6 % CI$OI-I/ CHCl, to elute 6-cyclopentylammo-2- 

benzyloxy-9-@-D-nbofuranosyl)purme 0.7 g (50 %) mp 96-100 “C dec ; ‘H-NMR (MezSO-dJ 6 1 60 (m, 9H), 

3 62 (m, 2I-I). 3 91 (m. HI), 4.12 (m, H-I), 4 62 (m, 1H). 5 13 (m, 3I-I). 5 33 (s, ZH), 5.80 (d, IH), 7.38 (m, 5H), 

7 67 (d, lH), 8 14 (s, HI); W (EtOH) 274 nm. A solutton of the latter compound (0 4 g, 1 mmol) and 10 % 

Pd/C (0 1 g) in EtOH (50 mL) was hydrogenated at 3Opstof H,for 14 h to effect hydrogenolysts of the 

benzyloxy group to mtroduce the 2-0~0 funchonahty The PdK! was removed by filtratton and the solvent was 

evaporated under reduced pressure. The restdue was purified on sihca gel plates (15 % MeOH/ CHCl, and 

subsequently crystalhzed from isopropanol/EtzO to provide 15. mp 186-188 “C, ‘H-NMR (Me,SO-d& 6 159- 

181 (m, 9H), 3.58 (m, 2H), 3 94 (m. lH), 4.09 (m, lH), 4 49 (m, 1H). 5.09-5 53 (m, 3I-Q 5 67 (d. lH), 7.71 (m, 

lH), 7.97 (s, lH), UV @OH) 248.5 (E 9,410). 284 (8,210). 302 5 (7,860). IR (carbonyl) 1639 cm-’ 

Anal Calcd for C,,H,,N,OS H,O. C, 48 78, H, 5 73; N, 18.96 Found C, 48.44; H, 6 17, N. 18 56. 

6-Cyclohexylamino-l~-dihydro-2-oxo-9-(P_ne (16). Prepared from 22 and 

crystallized from isopropanol/ Es0 (15% overall yteld) m.p 170-172 “C. ‘H NMR (MezSO-ds) 6 1 32-l 88 

(m. 1 lH), 3 60 (m. 2I-D. 3.95 (m, lH), 4 10 (m, HI), 4 49 (m. lH), 5 12-5 38 (m. 3H), 5 69 (d, lH), 7.64 (m, 

lH), 7 97 (m, H-I); W (EtOH) 248 5 (E 9,290), 284 5 (7,770), 302 5 nm (7,990), IR (carbonyl) 1643 cm“ 

Anal Calcd. for C,,&N,Os 0.5HzO C. 5133, H, 6 46, N, 18 70. Found C, 50 92; H, 6 61, N. 18 34. 

A,, A, Affinity Studies 

A, Affimty SW&es were camed out in adenosme deammase (ADA) pm-treated rat bram membranes m Tns- 

HCl buffer @H 7.4) using [311j-N6-cyclohexyladenosme (spectfic acuvtty 20 Ct/mmol) using pmvtously 

2q described procedures 2 A Receptor binding was measured in ADA-pretreated rat smatal membranes m Tns- 

HCl buffer using [3H]-5’-N-ethylcarboxrboxarmdoadenosme ([31-I&NECA, specific acuvtty 23 C&nrnol) 

Cyclopentyladenosme was used to elmunate the A, component. These studies were performed at Gensta 

Pharmaceuucals The procedure has been described 2q 
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